An established cell line, retaining the differentiated function of the tissue of origin, provides excellent material for study of the mechanisms of tissue-specific function and differentiation. If, in addition, the cell line requires an agent such as hormone for growth in vitro, it is also valuable for study of the regulatory mechanisms of cell proliferation. In recent years, several cell lines of endocrine tumor origin that show functional response to hormones in vitro have been established (1) , and one of them, a rat ovarian cell line, shows that luteinizing hormone (LH) and a glucocorticoid markedly stimulate the cell proliferation in vitro (2) .
In this paper, we report the isolation of cell lines that possess a specific growth requirement in vitro from a rat mammary carcinoma that requires pituitary hormone for growth in vivo and, further, we describe some properties of the cell lines.
MATERIALS AND METHODS
Materials. Purified ovine (NIH-P-S-9) and rat prolactin were obtained from the National Institute of Arthritis and Metabolic Diseases, National Institutes of Health. Porcine recrystallized insulin and 6-methyl-8g-ergolineacetonitrile mesylate were the gift of Eli Lilly Co. Estradiol pellets were kindly prepared by Merck, Sharpe and Dohme and the Carter Wallace Laboratory. Hypophysectomy of rats was performed by the Hormone Assay Laboratory, Inc.
Tumor. A transplantable mammary carcinoma was reported by Iglesias et al. (5) in an AxC9935 rat that had been implanted with an androgen-and estrogen-producing testicular tumor.
Their study indicated that this mammary tumor, when transplanted, grew only in the animals treated with estradiol, irrespective of the animal's sex. We have maintained this tumor since January, 1971, by serially transplanting it subcutaneously in male AxC9935 rats implanted subcutaneously with an estradiol pellet (25 mg). All have grown to 2-3 cm in diameter within 3-4 weeks and retained the hormone dependency. When, however, the pieces of tumor were implanted without estradiol, tumors arose occasionally in 3-4 months. (5) have shown that the tumor requires a supplement of estrogen for growth in vivo. We transplanted tumor pieces to normal male and hypophysectomized male rats: some normal males and all of the hypophysectomized animals received estradiol. Fig. 1 shows that in the normal animals the tumors grow rapidly with supplemented estradiol, but do not grow without estradiol; on the other hand, in hypophysectomized animals the tumors do not grow even in the presence of supplemental estradiol. The results clearly show that the tumor requires some pituitary hormones for growth. Probably estradiol is acting to raise the level of the pituitary hormones in the plasma. However, the results do not exclude the possibility that estradiol may be directly required in addition.
Although preliminary in nature, one series of experiments indicates that 6-methyl-8j-ergolineacetonitrile mesylate, which inhibits the secretion of prolactin from the pituitary gland and inhibits mammary tumor growth in rats (refs. 7-9, and R. J. Kraay, personal communication), suppresses the growth of tumors to about a half rate in the presence of estradiol. Establishment of Cell Lines. Several cell lines of the mammary carcinoma were isolated by the method established by Sato and his colleagues (3, 4) . The excised.tumor was washed, minced with scissors, and plated with medium. After 9 days most of the cells in culture were fibroblasts; the cells were freed from the culture plate by treatment with trypsin and injected into the animal with estradiol. A visible tumor (about 1 cm in diameter) arose in 1 month and was plated again. Growth of the mammary tumor in normal and hypophysectomized male rats. Minced tumor pieces (0.3 ml) were injected subcutaneously in each animal, and the size of the tumor was measured every several days. All the animals developed small lumps due to the local inflammation, which disappeared gradually if they did not develop into tumors. A--A, normal male with estradiol pellet; 0----, normal male without estradiol pellet; *-*, hypophysectomized male with estradiol pellet. The second culture contained rather a large fraction of epithelial cells. Because the epithelial tumor cells attach to the culture plate more firmly than do the fibroblasts, trypsinization of the mixed culture segregated the two cell types. By three successive clonings the several cell lines were thus established. Characterization of the Cell Lines. Only one of the cell lines isolated (64-24) has been studied extensively. The cells attach firmly to the plate and grow to at least three cell layers thick. However, they cannot grow in suspension. The generation time of the cells is around 8-10 hr and the chromosome number is 46 (normal rat, 2n = 42). The plating efficiency is usually 10-20%.
Studies on growth requirements of the cells revealed that cell growth was supported by fetal-calf serum, but not by calf serum (Fig. 2) . Increasing amounts of calf serum do not increase cell growth and division. On the other hand, with 12.5-15% fetal-calf serum the cell number increased about 200-fold in 7 days. Possible presence of a growth inhibitor in calf serum was excluded since the addition of calf serum to medium supplemented with fetal-calf serum did not inhibit cell growth. Similar assays were performed with 3T3 cells, a mouse fibroblast line, and a fibroblast line (F7-1) isolated from the same tumor that was used to isolate the mammary carcinoma cell lines. The results show that the fibroblast lines grow equally well with either calf serum or fetal-calf serum (Figs. 3 and 4) . When the mammary tumor cells were grown with steroid-free serum prepared by treating the serum with toluene by the method of Yamamoto and Alberts (personal communication), they grew as well as with normal fetal-calf serum (Fig. 2) . Low concentrations of toluenized serum yield poor growth stimulation. Similarly, toluenized serum gives lower stimulation for the growth of 3T3 cells (Fig. 3) . This result suggests that toluene treatment and extensive dialysis may have resulted in a loss or denaturation of some serum component(s).
To determine whether the characteristic growth responses of the cells to fetal-calf serum and calf serum shown in vitro Fig. 5 ).
Sera from adult female rats, adult male rats with and without estrogen treatment, and hypophysectomized males were isolated and tested for the ability to stimulate cell division in 64-24 cells (Table 1) . Sera from all sources markedly stimulated growth when the cells were grown in 2.5% serum concentration. However, a difference in growth stimulation among sera from the different animal types was consistently detected when the serum concentration was reduced to 0.25% (Table 1 rabbit serum containing antibodies against ovine prolactin was coupled to Sepharose 4B by the method of Cuatrecasas et al. (10) , and fetal-calf serum was chromatogramed on this Sepharose column. The results of the growth response of different cell lines using the treated serum are shown in Table  2 . The growth of 64-24 cells (hormone-dependent line) was markedly reduced when the "prolactin-free" serum was used, while mouse 3T3 cells and 22-1 cells (a hormone-independent line) grew equally well (considering the dilution factor-see Table 2 ) whether the serum was treated or not.
Purified prolactin and various hormones thought to be necessary for development of the mammary gland were tested for growth stimulation in vitro. Purified rat prolactin, ovine prolactin, insulin, estradiol, and hydrocortisone did not give any consistent stimulation when added singly or in all possible combinations to the medium with calf serum. Insulin stimulated cell growth considerably when the medium supplemented with fetal-calf serum was used. Other pituitary hormones and steroids have not been tested.
Fetal-calf serum was fractionated to isolate the active component. We used a procedure similar to that used by Holley and his colleagues to fractionate serum factors for mouse 3T3 cells and their virus-transformed cell lines using Sephadex G-100 columns (11) (12) (13) . Fig. 6 shows the results of chromatography of fetal-calf serum on Sephadex G-100 columns at neutral pH (pH 7.2). Growth-stimulating activity is eluted with the bulk protein behind the void volume. Gel filtration at a lower pH (pH 3.0) was then tried. Maintenance of fetal-calf serum at pH 3.0 for 2 days, the duration required to chromatogram and neutralize the fractions, inactivates the growth-stimulatory activity considerably, although treatment at low pH for 1 or 2 hr does not affect the activity appreciably. Fig. 7 shows the results of chromatography of fetal-calf serum at pH 3.0. The growth-stimulatory activity of the fractions was reduced as expected, but the activity again eluted behind the void volume with the leading edge of the bulk protein as at pH 7.2. Synergistic effects of the fractions were also tested by combining fractions, but in no instance did this result in more than an additive effect.
DISCUSSION
Prolactin, hydrocortisone, and insulin are required for proliferation of epithelial cells and lactation of adult mammary glands (14) . If the tumor was induced during development of the mammary gland under hormonal influence, it is possible that one or all of these hormones stimulate growth of the tumor in vivo, and in extreme cases, growth of the tumor may be dependent on these hormones. Our results show that the rat mammary carcinoma used to establish the cell lines requires pituitary hormone(s) (most likely prolactin) and possibly other hormones in addition.
Clonal cell lines that exhibit specific growth requirement in vitro have been established from the mammary tumor. Calf serum does not support the growth, although fetal-calf serum does. This characteristic indeed reflects the true hormonal requirement in vivo, as shown by results with cell lines isolated from a variant tumor that grows independently of estradiol.
When prolactin is removed from fetal-calf serum, growth of the cells decreases markedly. However, addition of purified rat or ovine prolactin alone or in combination with insulin, estrogen, and/or hydrocortisone to the medium does not clearly stimulate cell growth. Gel filtration of fetal-calf serum indicates that the active component has a large molecular weight (close to 100,000); the molecular weight of prolactin is 22,000-24,000. Our present working hypothesis is that: (i) prolactin is the major hormone required by the cells and calf serum does not contain it in sufficient amounts, and (ii) . Sephadex G-100 filtration of fetal-calf serum at pH 7.2. 4 ml of fetal-calf serum was eluted on a column of 1 X 115 cm at 5 ml/hr with saline-phosphate buffer (10 mM phosphate buffer-15 mM NaCl (pH 7. 2)] at 4'. 5-ml Fractions were collected, A28o of each fraction was determined, and selected fractions were sterilized by Millipore filter. A fraction (0.3 ml) was added per plate to examine the growth stimulatory activity. The stimulatory activity was expressed as the ratio of the cell number attained with 5% calf serum plus a given sample to the cell number attained with 5% calf serum only. 0 0, A280; 0---0, stimulatory activity.
prolactin is bound to some large plasma protein and this complex is biologically active, or the activity of prolactin is protected by binding to the protein. FIG. 7 . Sephadex G-100 filtration of fetal-calf serum at pH 3.0. 4 ml of fetal-calf serum, pH of which had been adjusted to 3.0, was filtered through a G-100 column of 1 X 110 cm as in Fig. 6 . The elution buffer was 0.05 M glycine-HCl at pH 3.0 in 15 mM NaCl. After fractionation, the pH of each fraction was adjusted to neutral, sterilized, and tested for growth-stimulatory activity as in Fig. 6. 0 , A,,,; 0---0, stimulatory activity.
Three of the tumor cell lines have been carried in culture since January 1972, and we find that their growth characteristics have been extremely stable. These cell lines should be profitable material for study of biochemical mechanisms of hormone action on normal compared to abnormal cell growth and division. Study of biochemical events taking place during the cell cycle would also profit from the use of a cell line requiring hormone for growth. Synchronous culture provides obvious advantages for such a study. Deprivation of the required hormone may be better than blocking some biosynthetic process, such as DNA or protein synthesis, to obtain synchrony since the latter process is more likely to bring the cells to an unbalanced physiological condition.
